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ABSTRACT
We report the identification of blazar candidates behind the Magellanic Clouds. The objects were
selected from the Magellanic Quasars Survey (MQS), which targeted the entire Large Magellanic
Cloud (LMC) and 70% of the Small Magellanic Cloud (SMC). Among the 758 MQS quasars and 898
of unidentified (featureless spectra) objects, we identified a sample of 44 blazar candidates, including
27 flat spectrum radio quasars and 17 BL Lacertae objects, respectively. All the blazar candidates
from our sample were identified with respect to their radio, optical, and mid-infrared properties.
The newly selected blazar candidates possess the long-term, multi-colour photometric data from the
Optical Gravitational Lensing Experiment, multi-colour mid-infrared observations, and archival radio
data for one frequency at least. In addition, for nine of them the radio polarization data are available.
With such data, these objects can be used to study the physics behind the blazar variability detected
in the optical and mid-infrared bands, as a tool to investigate magnetic field geometry of the LMC
and SMC, and as an exemplary sample of point like sources most likely detectable in γ-ray range with
the newly emerging Cherenkov Telescope Array.
Keywords: galaxies: active — galaxies: jets — BL Lacertae objects: general — Magellanic Clouds —
quasars: general — radio continuum: galaxies
1. INTRODUCTION
Highly polarized (the degree of optical linear polariza-
tion PDo > 3%, Angel & Stockman 1980) flat-spectrum
radio quasars (FSRQs) and BL Lacertae objects (BL
Lacs) constitute a class of active galactic nuclei (AGN)
called “blazars”, whose total radiative energy output is
dominated by the Doppler-boosted, non-thermal emis-
sion from relativistic jets launched by accreting super-
massive black holes from the centers of massive elliptical
galaxies (e.g., Angel & Stockman 1980; Begelman et al.
1984; Urry & Padovani 1995). Blazars of the FSRQ type
exhibit in addition prominent emission lines in their opti-
cal spectra due to the thermal plasma contribution; such
lines are weak or even absent in the BL Lac subclass. The
broad-band spectral energy distribution (SED) of blazar
sources is characterized by two prominent peaks where,
in the framework of the leptonic scenario, the radio-to-
optical/X-ray segment is believed to originate from the
synchrotron radiation of electron-position pairs acceler-
ated up to TeV energies, while the high frequency X-ray-
to-γ-ray segment is due to the Inverse Compton scat-
tering of various ambient photon fields (produced both
internally and externally to the outflow) by the jet elec-
trons (Ghisellini et al. 1998). Alternatively, the hadronic
scenario explains the broad-band contiuum emission of
blazars by assuming that protons, accelerated to ultra
high energies (≥ 1 EeV), produce γ-rays via either the
direct synchrotron emission or a meson decay and the
synchrotron emission of secondaries from proton-photon
interactions (e.g., Bo¨ttcher et al. 2013).
Based on the position of the synchrotron peak fre-
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quency, νpeak in the νFν plane, where Fν is the observed
energy flux spectral density, BL Lacs can be further di-
vided into low frequency peaked BL Lacs (LBLs; νpeak .
1014 Hz), intermediate frequency peaked BL Lacs (IBLs;
1014 . νpeak . 1015 Hz), and high frequency peaked BL
Lacs (HBLs; νpeak & 1015 Hz; Abdo et al. 2010b). FS-
RQs are characterized by νpeak < 10
14 Hz but larger peak
intensity ratio between the Inverse Compton and syn-
chrotron emission components (aka the “Compton dom-
inance”) when compared with the LBLs. The so called
blazar sequence formed by the decreasing νpeak with the
increasing Compton dominance, was proposed to result
from stronger and stronger radiative cooling suffered by
the emitting electrons due to the increasing energy den-
sity of the seed photon population for the Inverse Comp-
ton scattering (e.g., Ghisellini et al. 1998; Fossati et al.
1998; Ghisellini & Tavecchio 2008).
Blazars are the ideal candidates to test the extreme
physics of relativistic jets, due to their large observed
luminosities .1048 ergs s−1 (Ghisellini et al. 2014) and
high-amplitude intensity changes on various timescales
from years down to minutes (Cui 2004; Aharonian et al.
2007; Ackermann et al. 2016b), as well as to examine
their evolution and large scale structure formation (Ack-
ermann et al. 2017). Blazars show the most extreme be-
havior in the radio-optical polarization variability on dif-
ferent timescales, ranging from years to minutes, among
all the AGN. The polarization at radio frequencies is
weaker than in the optical bands with the characteris-
tic radio linear polarization degree PDr,1.4 > 1% at 1.4
GHz (Iler et al. 1997). Fan et al. (2008) showed that
the polarization is linked to the amount of relativistic
beaming, that the averaged polarization increases with
the radio frequency for FSRQs, and that, statistically,
radio-selected BL Lacs are more polarized than FSRQs.
Polarimetric observations can be used as a tool to study
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the location of the emission regions in blazar jets (e.g.,
Jorstad et al. 2007; Blinov 2009; Zhang et al. 2016), to
constrain the structure of the jet magnetic field (e.g.,
Aller et al. 2003; Marscher 2014), and to probe the in-
terstellar medium of foreground galaxies via the Faraday
rotation measure method (RM; e.g., Gaensler et al. 2005;
Mao et al. 2012).
In the present study, we report the identification of
blazar candidates behind the LMC and SMC which are
selected from the catalogue of the Magellanic Quasar
Survey (MQS; Koz lowski et al. 2013) and a “featureless
spectra” (FS) objects list (Section 2). In Section 3 we
shortly describe the optical, mid-IR, and radio data sets
analyzed, while Section 4 contains details of the selec-
tion and identification procedures. The main results of
the studies are discussed in the final Section 5.
2. INPUT SAMPLE SELECTION
The AGN identification based on the optical colour
selection is extremely challenging in dense stellar fields
such as the Galactic plane or LMC and SMC, due to
large densities of stars (∼106 deg−2) in the interstellar
medium as compared to quasars (∼25 deg −2) from the
background, for a limiting magnitude I < 20. With the
main goal of studying the optical variability of quasar
light curves based on the Optical Gravitational lensing
Experiment (OGLE)-III phase (Udalski et al. 2008a,b),
the MQS survey was designed to increase the number
of the identified AGN behind both Magellanic Clouds
(MCs). This survey covers 42 deg2 in the sky and com-
pleted 100% and 70% of its planned LMC and SMC ar-
eas, respectively. Below, we briefly recall the step-by-step
AGN selection procedure that led to the MQS input sam-
ple (see, Koz lowski & Kochanek 2009; Koz lowski et al.
2010, 2011, 2012, 2013).
2.1. The MQS catalogue
The MQS quasar candidates were identified in the
four-step selection procedure which involves: (i) mid-
infrared (mid-IR) properties, (ii) optical variability, (iii)
ROSAT X-ray sources’ counterparts, and (vi) optical
spectroscopy study:
(i) Koz lowski & Kochanek (2009) identified 4,699 and
657 quasar candidates in the LMC and SMC, re-
spectively. These quasar candidates were selected
based on the mid-IR and optical colour-colour se-
lection by cross-matching the mid-IR data from the
Spitzer SAGE Survey data (Meixner et al. 2006)
and the S3MC Survey (Bolatto et al. 2007), and
the OGLE-III optical survey. As a result, mid-IR
colour-colour, mid-IR colour-magnitude, and mid-
IR-to-optical colour planes were created in order
to separate AGN from stars, young stellar objects
(YSOs), planetary nebulae (PNe), and other galac-
tic and extragalactic sources. The selected sample
was further divided into the QSO and YSO groups
and subgroups. All of them may contain quasars, as
well as other sources, but only the QSO-Aa group is
considered to include the highest number of AGN,
while the other groups are mostly populated by con-
taminating sources (Koz lowski & Kochanek 2009).
(ii) The OGLE-III light curves were analyzed using the
damped random walk (DRW) model (Kelly et al.
2009; Koz lowski et al. 2010) and the structure func-
tion (SF) method (Koz lowski 2016). The DRW
model fits the light curve as a stochastic process
with exponential covariance matrix characterized
by the two parameters: a damping time scale τ
and an amplitude of the driving Gaussian noise σ.
Koz lowski et al. (2010) showed that quasars occupy
a well defined locus in the σ-τ space, where over
1,000 quasar candidates were selected for the MQS
input sample.
(iii) The LMC and SMC OGLE variable source posi-
tions were cross-matched with the ROSAT cata-
logues (Haberl & Pietsch 1999; Haberl et al. 2000)
to find any X-ray counterparts at the level of 3σ.
As a result, a small sample of 205 X-ray detected
candidates was selected (Koz lowski et al. 2012).
(iv) The final confirmation whether an object is a quasar
or not was based on spectroscopic observations of
3,014 sources, including 2,248 behind the LMC and
766 behind the SMC, selected according to at least
one of the (i)–(iii) methods. The spectroscopic data
were obtained using the 3.9 m Anglo-Australian
Telescope (AAT) and the AAOmega spectrograph.
Only the sources with at least two visible emission
lines in each spectrum, except for the objects at the
redshifts between 0.7 and 1.2 (where only Mg II line
is visible), were used for the AGN identification. In
such a manner, Koz lowski et al. (2013) confirmed
spectroscopically 565 quasars in the LMC and 193
quasars in the SMC, totalling 758 sources in the
MQS catalogue.
Prior to the MQS survey, only 66 quasars were known be-
hind the MCs. Owing to all the aforementioned selection
criteria, 758 quasars were selected from the OGLE data,
including 713 newly identified quasars: 565 (within which
527 are new) and 193 (186), behind the LMC and SMC,
respectively. For all spectroscopically observed MQS ob-
jects there exist long-term, densely sampled optical light
curves from the OGLE survey.
2.2. The FS list
The spectroscopic observations also resulted in 898 ob-
jects (669 in the LMC and 229 in the SMC fields) without
any distinguishing features in their spectra, either intrisi-
cally or due to a low S/N statistics for the line detection.
These objects could be associated with either BL Lac
type blazars, or OB stars, YSOs, PNe, and other types
of Galactic or extragalactic objects.
3. MULTIWAVELENGTH OBSERVATIONS
3.1. Mid-IR data
3.1.1. Wide Infrared Survey Explorer
The Wide-field Infrared Survey Explorer (WISE) is a
satellite launched in December 2009 and designed to map
the entire sky and to monitor individual astrophysical
objects in mid-IR range. This 40 cm diameter telescope is
equipped with IR detectors collecting data in four bands
centered at 3.4 (W1), 4.6 (W2), 12 (W3), and 22 (W4)
µm with the angular resolutions of 6.′′1, 6.′′4, 6.′′5, and
12.′′0, respectively (Wright et al. 2010).
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Table 1
Summary of radio catalogues and surveys used in this study.
Survey Telescope Frequency Area beam size rms
[GHz] [′′] [mJy/beam]
(1) (2) (3) (4) (5) (6)
SUMSS1 MOST 0.843 δ ≤ −30 43 × 43 csc| δ | 1÷ 2
AT20G2 ATCA 5, 8, 20 δ ≤ −15 9.9, 5.5, 2.4 0.1÷ 0.5
PMN3 Parkes 64 m 4.85 δ ≤ 10 252 5÷ 7
ATPMN4 ATCA 4.8, 6.8 −87 < δ < −38 1.8, 1.2 15÷ 20
SMC multi5 ATCA and Parkes 1.42÷ 8.64 100% of SMC 98÷ 15 1.8÷ 0.4
LMC dual6 ATCA 4.8, 8.6 100% of LMC 33, 20 0.1
SMC dual7 ATCA 4.8, 8.6 100% of SMC 35, 22 0.15
Note. — 1Bock et al. 1999; 2Murphy et al. 2010; 3Griffith & Wright 1993; 4McConnell et al. 2012; 5Filipovic´ et al. 2002; 6 Dickel et al.
2005; 7Dickel et al. 2010
Columns: (1) name of sky survey; (2) telescope used; (3) central frequency of observations; (4) sky coverage; (5) typical resolution (beam
size) achieved; (6) typical noise level.
3.1.2. SAGE LMC and SMC IRAC Source Catalogues
Both the LMC and SMC regions were observed using
the four-band Infrared Array Camera (IRAC) and the
three-band Multiband Imaging Photometer for SIRTE
(MIPS) instruments, on-board the Spitzer Space Tele-
scope (Werner et al. 2004), as a part of the program
Surveying the Agents of a Galaxy’s Evolution (SAGE3
Meixner et al. 2006; Gordon et al. 2011). The angular
resolution is 1.′′7, 1.′′7, 1.′′9, and 2.′′0 in the IRAC bands,
centered at 3.6, 4.5, 5.8, and 8.0 µm, respectively, while
it is 6.′′0, 18.′′0, and 40.′′0 in the MIPS bands centered
at 24, 70, and 160 µm, respectively. In our study, we
have used the simultaneous IRAC data only, in order to
minimize uncertainties of the selection procedure.
3.2. Radio continuum surveys
Self-absorbed radio cores and the high degree of opti-
cal polarization are the defining characteritics of blazars
(e.g., Blandford & Ko¨nigl 1979). Therefore, in order to
ascertain the blazar nature of sources from the MQS and
the FS lists, we searched for radio counterparts of the
optically detected sources in various radio sky surveys
and catalogues. Description of the sky surveys and cata-
logues are given below and their main characteristics are
listed in Table 1.
3.2.1. The SUMSS catalogue
The SUMSS sky survey (Bock et al. 1999) was per-
formed with the Molonglo Observatory Synthesis Tele-
scope (MOST) and covered 2.47 sr of the southern sky
with δ ≤ −30◦ at the frequency of 0.843 GHz. The ob-
servations were completed in 2007 and are publicly avail-
able 4. The SUMSS catalogue consists of 210,412 radio
sources with the peak brightness limit of 6 mJy/beam
at δ ≤ −50◦ and 10 mJy/beam at δ > −50◦ . The syn-
thesized beam of the maps is 43′′× 43′′cosec|δ|. The
position accuracy of the radio sources in the catalogue
are within 1−2′′ for the objects with the peak fluxes ≥
20 mJy/beam, while for the remaining sources with lower
radio fluxes, the position accuracy is not worse than 10′′.
3.2.2. The AT20G catalogue
3 http://sage.stsci.edu/
4 http://www.physics.usyd.edu.au/sifa/Main/SUMSS
The AT20G sky survey (Murphy et al. 2010) was con-
ducted between 2004 and 2008 with the Australia Tele-
scope Compact Array (ATCA) and covered 6.12 sr of the
southern sky (δ < 0◦ ). The AT20G catalogue contains
5,890 radio sources with the flux-density limit of 40 mJy.
Near-simultaneous measurements at 5 and 8 GHz south
of δ < −15◦ were also performed. The synthesized beam
of this sky survey is 2.′′4 , 5.′′5 , and 9.′′9 at the frequen-
cies of 20, 8, and 5 GHz, respectively. In addition, the
total polarized intensity was measured and collected in
the catalogue for 1,559 sources at one up to three fre-
quencies.
3.2.3. The PMN catalogue
The PMN sky survey (Griffith & Wright 1993; Wright
et al. 1994) of the southern hemisphere was performed
in 1990 with the Parkes 64 m telescope at 4.85 GHz and
covered the sky region of 4.51 sr of −87.◦5 < δ < +10◦.
The radio survey was conducted in four areas and divided
into the following subparts: Southern with the declina-
tion of −87.◦5 < δ < −37◦ , Zenith with −37◦< δ < −29◦ ,
Tropical −29◦< δ < −9.◦5 , and Equatorial with −9.◦5 <
δ < +10◦. The resolution of the survey is 252′′. The
PMN catalogue consists of 50,814 radio sources including
23,277 sources of the Southern Survey. The flux density
limit varies between 50 mJy/beam at the northern edge
(δ ≈ −37◦ ) and 20 mJy/beam at the southern edge of
this region.
3.2.4. The ATPMN catalogue
The ATPMN follow-up catalogue (McConnell et al.
2012) is a result of observations of PMN sources with the
ATCA. The data were carried out at 4.8 and 8.6 GHz and
covered the region of 2.25 sr (−87◦< δ < −38.◦5 ). The
ATPMN catalogue consists of 9,040 sources with the flux
density of 70 mJy/beam at δ > −73◦and 50 mJy/beam
at δ ≤ −73◦. The angular resolution of the ATPMN
radio survey is high and varies between 1.′′2 and 1.′′8.
3.2.5. The ATCA/Parkes SMC survey
The ATCA radio-contiunuum study of the SMC was
performed by Filipovic´ et al. (2002) based on the obser-
vations by the ATCA and the Parkes 64 m telescopes.
The catalogues contain 717 radio sources detected in the
SMC at 1.42, 2.37, 4.8, and 8.64 GHz. The beam size
varies from 98′′ at 1.42 GHz to 15′′ at 8.64 GHz, and
the positional accuracy is less than 1′′.
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Figure 1. Distribution of the selected blazar candidates behind the LMC (top panel) and SMC (bottom panel). The optical positions
of the FSRQ candidates are shown with red diamond symbols, while red triangular symbols denote the BL Lac candidates. Objects with
polarimetric measurements are additionally marked with blue symbols. Black and green circles show possible areas of the γ-ray flaring
activity detected by the Fermi-LAT during the 4th month of observations and, later, in April 2015 (see, Section 4.6). The optical images
of both MC (grey scale) are taken from Bothun & Thompson (1988).
Blazar candidates behind the MCs 5
3.2.6. The 4.8 and 8.6 GHz Survey of the MCs
The 4.8 and 8.6 GHz Surveys of LMC (Dickel et al.
2005) and SMC (Dickel et al. 2010) were performed us-
ing the ATCA and the Parkes 64 m telescopes. The work
was intended to study a diffuse emission in the Galaxy,
supernova remnants and HII regions, as well as bright
point sources. The simultaneous observations of the to-
tal intensity and the polarized flux density at 4.8 and 8.6
GHz were gathered to produce 6◦× 6◦maps with the res-
olutions of 33′′ and 20′′ at 4.8 and 8.6 GHz, respectively,
for the LMC, and 4.◦5 × 4.◦5 maps with the resolutions
of 35′′and 22′′at 4.8 and 8.6 GHz, respectively, for the
SMC. In our work, we have used the maps obtained with
the ATCA array only, since the Parkes 64 m telescope
is suitable for extended radio emission. Since no cata-
logue has resulted from these surveys, we have measured
the total intensity and polarized fluxes directly from the
maps provided by Dickel et al. (2005)5 and Dickel et al.
(2010)6.
4. IDENTIFICATION OF BLAZAR CANDIDATES
As stated earlier, the MQS catalogue contains 758
quasars. Statistically, around 10−15% of them (i.e.,
75−110) should be “radio-loud”, meaning the ratio of
radio 5 GHz to optical B-band flux spectral densities
R ≡ F5GHz/FB ≥ 10 (Kellermann et al. 1989; Stocke
et al. 1992; Ho 2002). Among those radio-loud quasars,
at least some (. 10%; see, e.g., Ghisellini et al. 2013)
should be blazars of the FSRQ type. The FS list, on
the other hand, may contain BL Lac type blazars, which
should be radio-loud as well.
The blazar candidates from both lists are, therefore,
selected using the radio and optical positioning, i.e.,
the cross-matching procedure. The identified sample of
blazar candidates is further analyzed by investigating
characteristic radio, mid-IR, and optical properties of the
sources, such as spectral radio and mid-IR indices, radio-
loudness parameter, and fractional linear polarization.
4.1. Cross-matching of source positions
We searched for the radio counterparts by cross-
matching the optical positions of the MQS and FS
sources with the positions of radio sources listed in the ra-
dio catalogues with the standard spherical trigonometric
distance procedure. In particular, we defined the radius
∆r of the error circle as:
∆r =
√(
1
3
rb1
)2
+
(
1
3
rb2
)2
(1)
where rb1 is the resolution of the OGLE catalogue and
rb2 is the angular resolution of various radio catalogues
considered. With such, the radio counterpart was con-
sidered to be coincident with the optical source if their
spherical distance was found to be equal or less than ∆r.
Out of the 758 AGN in the MQS catalogue, 17 were
found to have measured radio fluxes at more than one ra-
dio frequency, 10 at one frequency only, and the remain-
ing 731 quasars could not be matched with any radio
conterparts. Similarly, out of the 898 sources in the FS
5 http://www.atnf.csiro.au/research/lmc_ctm/index.html
6 http://www.atnf.csiro.au/research/smc_ctm/index.html
list, seven were found to have measured radio fluxes at
more than one frequency, 10 at one frequency, while 881
sources have no radio countreparts. All the sources iden-
tified in the cross-matching procedure along with their
radio fluxes are reported in Table 2. These are termed
hereafter as “blazar candidates” and are further suma-
rized in Table 3. Figure 1 presents the overlays of the
optical images of the both MCs with the positions of
blazar candidates.
4.2. Radio indices, radio-loudness, and redshifts
For the newly selected blazar candidates, we estimate
the radio spectral indices αr, defined here as Fν ∝ ν−αr .
The radio spectral index value indicates whether a radio
spectrum of a source is flat (αr < 0.5) or steep (αr >
0.5). Flat radio spectra are the defining characteristics
of blazars, as mentioned previously. It is noteworthy here
that blazars are extremely variable objects, hence simul-
taneous observations are needed to calculate the robust
values of radio spectral indices. In this work, we are,
however, forced to rely on the αr values estimated based
on non-simultaneous data. The radio indices were cal-
culated for the selected objects, which possess at least
two measurements at different frequencies available in
the aforementioned data sets. The radio flux spectral
densities at different frequencies and resulting αr values
are presented in Table 2 and Table 3, respectively.
We have also estimated the values of the radio-loudness
parameter R for our blazar candidates, as listed in Ta-
ble 3. Since the radio data at exact 5 GHz were avail-
able for four sources only, i.e., two FSRQ and two BL
Lac blazar candidates, when estimating the R values, we
have extrapolated radio fluxes from lower frequencies as-
suming the radio spectral index as αr = 0.5. The R
distributions for the blazar candidates (red dashed line)
are shown in Figure 2. For comparison, we have also
included in the histograms the upper limits on R (black
solid line) estimated for the remaining objects from both
lists based on the 5 GHz ATCA flux upper limit.
As shown in the figure, our sample of blazar candidates
consists of the sources characterized by the highest values
of R, among both the MQS and FS lists. Note, however,
that due to relatively high flux limits of the radio sur-
veys considered (when compared to the optical flux limit
of the OGLE project), many quasars from the MQS cat-
alogue which have not been matched here with any radio
counterpart, could still be radio-loud, as the upper lim-
its for the R parameter for the majority of such sources
are rather high, namely R < 100. Hence, our sample of
blazar candidates does not contradict the expectation for
10%−15% of the MQS quasars being radio-loud; instead,
Figure 2 indicates only that our selection procedure picks
up ∼ 3.6% of the most radio-loud quasars from the MQS
sample, roughly in agreement with what is expected for
the beamed (blazar) population in the parent population
of quasars.
Figure 3 shows the z distribution of the MQS quasars
(black solid line) and the FSRQ blazar candidates (red
dashed line). Among ∼10 MQS quasars at z > 3, we
have selected one blazar candidate, i.e. J0528-6836 with
z = 3.32.
6 Z˙ywucka et al.
Table 2
The radio fluxes of FSRQ type blazar candidates.
Object F0.84 F1.42 F2.37 F4.8 F4.85 F5.0 F8.0 F8.6 F20.0
[mJy] [mJy] [mJy] [mJy] [mJy] [mJy] [mJy] [mJy] [mJy]
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
FSRQ blazar type candidates
J0054−7248a 36.0±6.0
J0114−7320 129.0±4.0 86.8±4.3 70.3±3.5 19.0±7.0 15.0±10.0
18.5±1.1e 17.4±1.5e
288.0±14.4 22.0±1.1
J0120−7334 56.2±3.0 45.8±2.3 31.6±1.6 24.0±1.4e 29.0±6.0 15.3±1.2e
J0122−7152 6.8±1.0
J0442−6818 9.2±1.0 29.0±7.0 51.0±3.0 60.0±4.0 74.0±4.0
J0445−6859 25.3±1.7
J0446−6758 6.0±0.8
J0455−6933 80.4±4.0 36.5±2.0e 17.0±7.0 27.0±1.8e
J0459−6756a 34.0±7.0
J0510−6941 31.2±1.3 8.9±0.8e 6.2±2.0e
J0512−7105 11.0±0.9 2.8±0.7e
J0512−6732 59.2±2.2 45.7±2.4e 47.0±2.0 56.0±3.0 48.5±2.6e 46.0±3.0
J0515−6756a 27.0±7.0
J0517−6759a 29.0±7.0
J0527−7036 137.8±4.2 34.0±7.0 11.0±10.0
39.8±2.1e 24.7±1.5e
J0528−6836 31.1±1.5 31.1±1.7e 49.0±7.0 22.7±1.4e
J0532−6931 10.3±1.3 12.6±2.6e
J0535−7037a 35.0±7.0
J0541−6800 54.5±1.9 45.7±2.4e 59.0± 7.0 32.3±1.8e
J0541−6815 45.8±1.6 48.8±2.5e 38.8±2.1e
J0547−7207 24.6±1.9 8.0±0.9e 7.1±1.8e
J0551−6916 32.9±1.8e 35.0±7.0 14.8±1.2e
J0551−6843 158.5±6.4 32.6±0.8e 14.0±1.8e
J0552−6850a 49.0±7.0
J0557−6944 49.0±1.7 40.0±7.0
J0559−6920a 27.0±7.0
J0602−6830 52.0±1.7 40.0±7.0
BL Lac type blazar candidates
J0039−7356 8.5±1.1 4.2±0.2
J0111−7302 86.4±4.2 111.5±5.6 77.4±3.9 69.0±7.0 72.0±7.0 72.0±4.0 72.0±4.0 61.0±10.0 74.0±4.0
62.9±3.2e 53.6±2.8e
J0123−7236 10.8±0.9 4.6±0.2
J0439−6832 36.2±1.4
J0441−6945 59.4±3.0
J0444−6729 34.3±1.3
J0446−6718 9.9±1.1
J0453−6949 6.2±0.9
J0457−6920a 30.0±7.0
J0501−6653 51.7±1.8 17.7±1.1e 9.7±1.0e
J0516−6803a 29.0±7.0
J0518−6755a 67.71±3.5e 95.0±8.0 33.40±2.0e
J0521−6959a 52.6±2.7e 58.0±7.0 29.3±2.0e
J0522−7135a 89.0±8.0
J0538−7225 7.0±1.0
J0545−6846 176.3±7.4 41.7±2.2e 26.0±7.0 23.1±1.7e
J0553−6845 22.2±1.1
Note. — aDubious objects; Columns: (1) source designation, (2) - (10) radio flux density at 0.843, 1.42, 2.37, 4.8, 4.85, 5.0, 8.0, 8.6, and 20.0
GHz, respectively; e radio flux measurements based on the 4.8 and 8.6 GHz radio surveys of the MCs.
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Table 3
Newly identified FSRQ and BL Lac type blazar candidates.
Object RA DEC R z αr αIR I [mag]
(1) (2) (3) (4) (5) (6) (7) (8)
FSRQ type blazar candidates
J0054−7248a 00 54 44.70 -72 48 13.68 1730 0.505 1.89±0.50 20.73
J0114−7320 01 14 05.57 -73 20 06.50 246 0.937 0.58±0.31 1.33±0.13 18.26
J0120−7334 01 20 56.05 -73 34 53.51 195 1.565 0.56±0.06 1.88±0.07 17.66
J0122−7152 01 22 58.49 -71 52 07.00 267 0.939 0.47±0.18 19.84
J0442−6818 04 42 45.19 -68 18 38.99 371 0.964 -0.57±0.15 1.20±0.09 18.22
J0445−6859 04 45 36.60 -68 59 46.10 285 1.714 1.73±0.02 18.87
J0446−6758 04 46 33.91 -67 58 55.88 169 1.301 1.72±0.15 19.96
J0455−6933 04 55 59.10 -69 33 29.09 336 1.319 0.47±0.04 1.30±0.06 18.78
J0459−6756a 04 59 54.27 -67 56 35.59 898 1.687 1.45±0.14 19.29
J0510−6941 05 10 45.85 -69 41 26.48 165 1.061 0.72±0.01 0.60±0.02 18.37
J0512−7105 05 12 21.49 -71 05 55.61 489 0.286 0.79±0.00 1.71±0.03 20.70
J0512−6732 05 12 22.48 -67 32 20.00 557 2.557 0.08±0.04 1.99±0.09 18.37
J0515−6756a 05 15 03.49 -67 56 53.02 4440 0.374 1.83±0.05 20.20
J0517−6759a 05 17 10.31 -67 59 01.21 4450 0.427 1.01±0.19 20.42
J0527−7036 05 27 49.08 -70 36 41.69 769 0.774 0.73±0.02 1.13±0.05 18.39
J0528−6836 05 28 47.51 -68 36 20.99 580 3.320 0.08±0.11 0.49±0.18 18.32
J0532−6931 05 32 12.24 -69 31 30.90 12 1.353 -0.12±0.00 1.39±0.04 16.54
J0535−7037a 05 35 47.71 -70 37 50.70 2670 0.731 1.49±0.12 20.34
J0541−6800 05 41 34.97 -68 00 40.61 494 0.934 0.18±0.08 0.93±0.06 19.64
J0541−6815 05 41 58.96 -68 15 42.30 351 1.586 0.04±0.07 1.42±0.08 18.59
J0547−7207 05 47 58.68 -72 07 45.30 121 0.793 0.61±0.06 0.96±0.08 18.79
J0551−6916 05 51 33.21 -69 16 33.82 304 2.226 1.38±0.06 1.71±0.07 17.93
J0551−6843 05 51 40.55 -68 43 08.40 987 1.595 1.00±0.09 1.34±0.05 18.39
J0552−6850a 05 52 22.53 -68 50 01.72 1970 1.740 1.57±0.02 19.34
J0557−6944 05 57 59.59 -69 44 12.19 1530 0.480 0.12±0.00 0.59±0.09 20.14
J0559−6920a 05 59 01.63 -69 20 09.38 1050 1.817 1.66±0.21 19.54
J0602−6830 06 02 34.31 -68 30 41.40 356 1.086 0.23±0.00 1.37±0.10 18.39
BL Lac type blazar candidates
J0039−7356 00 39 42.51 -73 56 15.50 1570 0.68±0.00 0.97±0.12 20.85
J0111−7302 01 11 33.24 -73 02 03.41 171 0.14±0.05 19.10
J0123−7236 01 23 17.47 -72 36 05.40 199 0.83±0.00 2.04±0.14 20.49
J0439−6832 04 39 50.17 -68 32 22.60 1030 1.34±0.15 20.21
J0441−6945 04 41 04.99 -69 45 40.72 3840 1.29±0.06 21.11
J0444−6729 04 44 55.57 -67 29 40.42 689 0.15±0.14 19.58
J0446−6718 04 46 55.72 -67 18 38.48 478 1.33±0.08 20.53
J0453−6949 04 53 29.83 -69 49 28.60 285 1.30±0.11 20.74
J0457−6920a 04 57 50.55 -69 20 51.61 2040 1.65±0.44 19.93
J0501−6653 05 01 39.74 -66 53 53.48 1490 0.66±0.06 -0.44±0.17 19.37
J0516−6803a 05 16 07.14 -68 03 37.30 1750 3.07±0.41 20.08
J0518−6755a 05 18 09.01 -67 55 23.48 89 1.37±0.34 2.00±0.00 18.60
J0521−6959a 05 21 00.02 -69 59 06.58 2010 1.03±0.11 1.51±0.24 19.18
J0522−7135a 05 22 23.92 -71 35 31.30 7020 1.19±0.15 20.08
J0538−7225 05 38 16.96 -72 25 00.10 290 1.78±0.18 20.32
J0545−6846 05 45 51.78 -68 46 03.00 6900 0.86±0.04 0.81±0.08 21.27
J0553−6845 05 53 15.71 -68 45 27.20 3080 1.93±0.10 20.00
Note. — aDubious objects; Columns: (1) source designation, (2) right ascension (RA) in J2000.0, (3) declination (DEC) in J2000.0,
(4) the radio-loudness R parameter, (5) redshift z, (6) radio spectral index αr, (7) mid-IR spectral index αIR, and (8) I band magnitude.
The coordinates, z, and I band magnitude were taken from the MQS catalogue or FS list.
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Figure 2. Radio-loudness distributions of the FSRQ (upper
panel) and the BL Lac (bottom panel) type blazar candidates,
shown by red dashed lines. Black solid lines correspond to the
5 GHz ATCA upper limits for the sources catalogued in the MQS
or the FS lists.
4.3. Comparison with Roma-BZCAT
We compared our sample with 1,425 BL Lacs and
blazar candidates and 1,909 FSRQs and blazar candi-
dates listed in the 5th edition of the Roma-BZCAT:
Multi-frequency Catalogue of Blazars7 (Roma-BZCAT,
Massaro et al. 2015). The following parameters from
Roma-BZCAT were taken into account in this investiga-
tion: the z distribution, radio flux densities at 1.4 GHz
from the Faint Images of the Radio Sky at Twenty-cm
(FIRST) or 0.843 GHz from the SUMSS catalogue (if
not available in the former), and optical apparent magni-
tudes in R filter from the tenth Sloan Digital Sky Survey
data release (SDSS DR10).
Figure 4 shows the z distributions of the OGLE FSRQ
candidates (red dashed line) and the Roma-BZCAT FS-
RQs (black solid line). Note that 29 FSRQs, which are
listed in the Roma-BZCAT catalogue with ”?” symbol
are not included in this study due to the uncertain z
values.
The distributions of radio flux spectral densities of
both blazar type candidates are presented in Figure 5. In
case of the OGLE blazar candidates only the 0.843 GHz
flux density measurements were used. Figure 6 shows
the distributions of optical apparent magnitude in R fil-
ter of the Roma-BZCAT sources and in I filter of the
OGLE blazar candidates (note the very similar effective
wavelengths for both filters)
A Kolmogorov-Smirnov test (Massey 1951; Tarnopol-
7 http://www.asdc.asi.it/bzcat
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Figure 3. Redshift distributions of the MQS quasars. Black solid
line shows the distribution of the quasars lacking radio counter-
parts, while red dashed line is for the FSRQ blazar candidates.
ski 2015) was performed to verify the null hypothesis,
H0, whether the samples examined in this work have the
same distributions as the corresponding datasets from
Roma-BZCAT. Bear in mind, however, that the K-S test
was used here to compare a small sample of newly iden-
tified blazar candidates, consisting of 12 up to 27 sources
depending on the compared parameters, with a relatively
large Roma-BZCAT sample. In the case of the redshift
distribution of FSRQs, H0 is not rejected at the α = 0.01
significance level. For the radio flux distribution of BL
Lacs, the H0 is also not rejected, unlike in the case of
radio flux distribution of FSRQs, for which the H0 is
rejected with the p-value= 6 × 10−11. For the apparent
magnitude distributions in I and R filters, H0 hypothesis
is not rejected for FSRQs, but is rejected for BL Lacs.
All in all, a comparison between the list of blazar can-
didates selected here and the Roma-BZCAT, indicates
that even though the redshift and the apparent optical
magnitude distributions of FSRQs in both samples are
similar, our FSRQ candidates are characterized by lower
radio fluxes, on average. In the case of BL Lacs, on
the other hand, while the radio flux distributions seem
comparable, the objects from our list appear on average
dimmer in optical.
4.4. Mid-IR colours
The mid-IR colour criteria provide a useful tool en-
abling theidentification of AGN among other objects,
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Figure 4. Redshift distributions of the FSRQ blazar candidates
(red dashed line) and the FSRQ blazars from Roma-BZCAT (black
solid line).
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Figure 5. Distributions of 0.84 GHz flux of the FSRQ (upper
panel) and BL Lac (bottom panel) blazars from Roma-BZCAT
and blazar candidates identified in this work.
such as stars or normal galaxies. In particular, Stern
et al. (2005) and later Massaro et al. (2011) and
D’Abrusco et al. (2012) proposed diagnostic tools to sep-
arate blazars based on their IR colours.
We analyzed our sample of blazar candidates using the
data collected by WISE and the Spitzer Space Telescope
(the IRAC instrument), generating four mid-IR colour-
colour planes, i.e. [3.4]-[4.6]-[12] and [3.4]-[4.6]-[12]-[22]
µm based on the WISE observations (Figure 7), and [3.6]-
[4.5]-[8.0] µm and [3.6]-[4.5]-[5.8]-[8.0] µm with the IRAC
data (Figure 8). In the figures, black filled circles denote
the mid-IR colours of the FSRQ blazar candidates, and
black open circles indicate the mid-IR colours of the BL
Lac candidates; black dashed lines correspond to the case
of a single power-law emission continuum within the en-
tire range of wavelength considered (e.g., 3.4–12µm in
the upper panel of Figure 7, or 3.4–22µm in the lower
panel of Figure 7), with the particular values of mid-IR
spectral indices α = 0, 1, and 2 denoted by 5 symbols; fi-
nally, red open circles mark the BL Lac candidate J0545-
6846, which coincides with the γ-ray transient detected
by the Fermi -LAT (see Section 4.6).
Figure 7 displays in addition a comparison between
our blazar candidates and 7,855 γ-ray blazar candi-
dates (FSRQs, BL Lacs, and mixed-type objects, all de-
noted by small grey dots) selected based on the All-
WISE Data Release products (Cutri et al. 2013) and
listed in the WISE blazar-like radio-loud sources cata-
logue (WIBRaLS, D’Abrusco et al. 2014). Some of our
blazar candidates occupy the same area in the plot as the
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Figure 6. Distributions of R mag and apparent I magnitude of the
FSRQ (upper panel) and BL Lac (bottom panel) blazars from the
Roma-BZCAT (solid black lines) and blazar candidates identified
in this work (dashed red lines).
WIBRaLS objects, signalling a single power-law char-
acter of their mid-IR emission continua, with mid-IR
spectral indices roughly within a broad range of 0.5–2.0
(see Table 3), consistently with the blazar classification.
About half of our sample, however, is scattered much
below the black dashed lines in the diagrams, indicat-
ing that their mid-IR emission continua are curved, with
flatter slopes at longer wavelengths. This could be a
signature of either a hot dust emission from host galax-
ies dominating the mid-IR output of the systems, or a
non-negligible contamination of WISE fluxes by nearby
foreground/background sources.
Subsequently, we investigated the IRAC colours of our
blazar candidates using the [3.6]-[4.5]-[8.0] µm and [3.6]-
[4.5]-[5.8]-[8.0] µm colour-colour diagrams, motivated by
the supreme angular resolution of the IRAC instrument
when compared to WISE (∼ 2′′ versus ∼ 6′′). As shown
in the resulting Figure 8, the IRAC colours of our blazar
candidates are now more consistent with a single power-
law character of their mid-IR emission continua, as ex-
pected for blazar sources, suggesting that a large scat-
ter in the WISE colour-colour diagrams is mostly due to
the contamination effect. Interestingly, we note that our
sample is homogenous in that we do not see any clear
separation between the FSRQ or the BL Lac blazar can-
didates. This may suggest that the majority of our BL
Lac candidates are of the LBL type.
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Figure 7. The WISE [3.4]-[4.6]-[12] (top panel) µm and [3.4]-
[4.6]-[12]-[22] µm (bottom panel) colour-colour diagrams of OGLE
blazar candidates. Open and filled black circles denote BL Lacs
and FSRQs, respectively, while red open circles mark the BL Lac
candidate J0545-6846; small grey dots stand for the γ-ray blazar
candidates from WIBRaLS (D’Abrusco et al. 2014). Black dashed
lines correspond to the case of a single power-law emission contin-
uum within the entire range of wavelength considered (i.e., 3.4–
12µm in the upper panel, and 3.4–22µm in the lower panel), with
the particular values of mid-IR spectral indices α = 0, 1, and 2
denoted by 5 symbols.
4.5. Radio polarization
Since the radio-optical emission of blazars is syn-
chrotron in origin, a significant amount of polarization
at radio and optical frequencies is expected. We there-
fore gathered all the available archival data for the linear
radio degree PDr and polarization angle (PAr) from the
AT20G catalogue and polarized flux density maps at 4.8
and 8.6 GHz for the LMC8 and SMC9 to investigate po-
larization properties for the selected blazar candidates
in Tables 2 and 3. As a result, we extracted nine ob-
jects (see Table 4), out of which six are FSRQ and three
are BL Lac blazar candidates; all of them are strongly
polarized sources with PDr > 3% at all the analyzed ra-
dio frequencies. These should be considered as “secure”
blazar candidates.
The 4.8 and 5 GHz data were obtained with the same
telescope but presumably on different dates. The fact
that for the two objects, i.e., J0512-6732 and J0111-7302,
8 http://www.atnf.csiro.au/research/lmc_ctm/index.html
9 http://www.atnf.csiro.au/research/smc_ctm/index.html
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Figure 8. The IRAC [3.6]-[4.5]-[8.0] µm (top panel) and [3.6]-
[4.5]-[5.8]-[8.0] µm (bottom panel) colour-colour diagrams of OGLE
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candidate J0545-6846. Black dashed lines correspond to the case
of a single power-law emission continuum within the entire range
of wavelength considered (3.6–8.0µm), with the particular values
of mid-IR spectral indices α = 0, 1, and 2 denoted by 5 symbols.
observed at both 4.8 and 5 GHz, there are very differ-
ent PDr in these close radio bands, suggests polarization
variability, which is a further indication that they are
blazar-like objects.
4.6. X-ray and γ-ray counterparts
We cross-matched our blazar candidates with the
Fermi 2FGL catalogue (Nolan et al. 2012) and the
ROSAT All-Sky Survey Catalogue (RASS-BSC; Voges
et al. 1999) to search for their counterparts in γ- and
X-ray regime. We did not find any match between the
positions of our blazar candidates and the Fermi and
RASS-BSC catalogues.
Recently, Ackermann et al. (2016a) reported the de-
tection of four point-like sources in the area of the LMC.
One of them is identified based on its characteristic
pulsed γ-ray emission as pulsar PSR J0540−6919, while
possible associations of the three remaining sources are
still pending. None of these sources coincides with our
blazar candidates.
Interestingly, Abdo et al. (2010a) noticed a flaring ac-
tivity from the direction of LMC during the 4th month
of the Fermi -LAT observations (at the turn of July
and August 2008). The location of this event was es-
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Table 4
The degree of linear polarization and polarization angle of FSRQ and BL Lac blazar type candidates.
Object PDr PAr
4.8 GHz 5 GHz 8 GHz 8.6 GHz 20 GHz 4.8 GHz 8.6 GHz
[%] [%] [%] [%] [%] [◦] [◦]
(1) (2) (3) (4) (5) (6) (7) (8)
FSRQs
J0114−7320 9.5±0.5 7.0 70.7±14.7 −12.9±14.3
J0120−7334 5.0±0.3 −52.2±0.7
J0442−6818 11.7 10.0 8.1
J0512−6732 3.3±0.2 12.7 10.7 13.6 13.6±2.1
J0551−6916 7.3±0.4 8.3±38.2
J0551−6843 9.1±0.5 −3.9±40.4
BL Lacs
J0111−7302 4.1±0.2 8.3 8.3 9.7 4.7±34.1
J0501−6653 10.6±0.5 22.7±1.1 −2.8±25.6 −11.1±46.1
J0518−6755a 12.6±0.6 −16.6±11.0
Note. — aDubious; Columns: (1) source designation, (2)-(6) linear polarization degree (PDr) at 4.8, 5, 8, 8.6, and 20 GHz, (7)-(8)
linear polarization angle (PAr) at 4.8 GHz and 8.6 GHz.
timated by fitting a point source with the 2DG model
and HII gas map as templates for the LMC emission
to the datasets. Using the 2DG model, the source was
found at RA = 05h46.m2 and DEC= −69◦01′with a de-
tection significance of 4.5σ and 36′ containment radius,
while with the HII map, at the position of RA = 05h
46.m4 and DEC= −69◦01′, with 4.6σ significance and 29′
radius. In Figure 1 (top panel), we show both possi-
ble locations of the flaring activity (green circle denotes
the 2DG model and black circle – H II gas map) which,
moreover, coincide with positions of four our blazar can-
didates, namely J0545−6846, J0551−6843, J0551−6916,
and J0552−6850. The BL Lac candidate J0545−6846,
for which the broad-band SED is shown in Figure 9, is
consistent with both estimated locations, and is charac-
terized by a particularly large radio flux and high radio-
loudness in our sample. We however note here a rather
large integrated flux > 1 GeV of the LAT transient,
' 9.6+2.8−6.1 × 10−12 erg s−1 cm−2; if related to the flaring
activity of J0545−6846, this would imply an unusually
large value of the Compton dominance parameter as for
a BL Lac candidate.
The Fermi group noticed also the second γ-ray event,
which took place a few years later, in April 2015. It is not
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Figure 9. SED of the J0545−6846 BL Lac candidate, which co-
incides with the γ-ray transient detected by the Fermi-LAT; open
circles denote optical data from the FS list, black filled circles are
for the archival radio and mid-IR data.
clear if the two flares are produced by the same object,
but they originated from about the same direction. The
source, however, did not show up in a full six-year data
analysis.
4.7. Identification procedure: a summary
Figure 10 shows the radio contours overlayed on the
grey scale optical images for the blazar candidates in-
dentified in the OGLE data for the LMC and the SMC.
We used the Digitized Sky Survey (DSS) R band optical
images as grey scales and the radio data at 8.6, 4.85 or
0.845 GHz as contours. A black cross marks the optical
position from the MQS catalogue or the FS list for each
blazar candidate. All the sources which were found in
the PMN catalogue only, as well as other sources which
are not associated with the strongest central radio emis-
sion indicated by the radio contours, are considered as
dubious and marked with the “a” symbol in Tables 2 and
3. The main results of our further analysis of the selected
blazar candidates are:
1. As a result of the cross-matching procedure, we
selected a sample of 44 objects, including 27 FSRQ
and 17 BL Lac blazar candidates. This significantly
increased the sample of blazar candidates behind
LMC and SMC.
2. Each selected object is optically faint with the I
band magnitude between 16 and 21.
3. All the FSRQ candidates are distant sources with
redshifts from 0.286 up to 3.320. The redshift dis-
tribution for BL Lacs is unknown due to the lack
of lines in their optical spectra.
4. The radio-loudness parameter R varies from 12 to
4,450 for the FSRQ blazar candidates and from 171
to 7,020 for the BL Lac candidates, implying that
all the sources included in the sample are radio-
loud indeed.
5. The estimated values of the radio spectral index
αr vary from −0.57 to 1.37. Since we used non-
simultaneous archival radio data in the analysis,
12 Z˙ywucka et al.
the αr may indicate radio flux variability for the
sampled sources, as expected for blazars, rather
than steep radio spectra.
6. The infrared colours indicate that the infrared con-
tinua of the selected sources are non-thermal in
origin, as expected for blazars. The estimated val-
ues of mid-IR spectral indices for the majority of
sources are between 0.5 and 2.0.
7. The PDr and PAr were found in the AT20G cat-
alogue or were measured by us from the archival
radio maps of the 4.8 and 8.6 GHz surveys of the
LMC and SMC. All the blazar candidates listed in
the Table 4 are strongly polarized sources with the
average polarization of PDr,4.8 ∼ 6.8% at 4.8 GHz.
8. Although we did not find any clear associations
with high-energy γ-ray emitters, we note a repeat-
ing flaring activity detected with Fermi -LAT from
the direction of the J0545−6846 BL Lac candidate.
5. DISCUSSION: RELEVANCE OF THE ANALYSIS
5.1. Physics of blazar sources
The majority of blazars of the FSRQ and LBL types
are identified in the radio surveys (e.g., Stickel et al. 1991;
Perlman et al. 1996, 1998; Caccianiga et al. 2002), while
HBLs are mostly discovered via the X-ray surveys (e.g.,
Pursimo et al. 2013; Rector et al. 2000; Landt et al.
2001, but see Plotkin et al. 2010 for the optically se-
lected BL Lac sample using the SDSS data). This natu-
rally leads to various selection biases, as any flux-limited
survey will detect sources which are the brightest in a
given frequency band. As an illustration of the problems
arising in this context one can note that the luminosity
evolution of the radio-selected BL Lacs was previously
claimed to be different from that of the X-ray-selected
BL Lacs, the finding which was however not confirmed in
the follow-up studies using larger samples (e.g., Padovani
et al. 2007, and references therein). Our blazar candi-
dates are selected uniquely from the deep, flux-limited
optical survey, based on the time-domain analysis, and
as such could in principle be of relevance for in-depth
population studies of blazar sources.
We also emphasize here the optical variability of
blazars on different timescales, which was and is a subject
of an intense research, albeit typically limited to rather
small and sparse samples of sources (e.g., Webb et al.
1988; Ghosh et al. 2000). Although the variable opti-
cal emission of blazars originates predominantly in nu-
clear relativistic jets, it may also contain a pronounced
contribution from accretion disks, which are modulating
the jet activity, as seen directly in a few luminous radio
galaxies and quasars (Lohfink et al. 2013; Bhatta et al.
2018). Interestingly, all the newly identified blazar can-
didates in our sample have high photometric accuracy,
high cadence optical light curves from the long-term (∼
2 decades) photometric monitoring from OGLE (OGLE-
III and OGLE-IV phases).
5.2. MC magnetic field study
Since magnetic field may play an important role in
the cosmological evolution of galaxies, it is mandatory
to disclose in detail its origin, structure and strength
in nearby galaxies, including the nearest dwarf galaxies,
i.e., the SMC and LMC. The commonly used method
for investigating the galactic magnetic field morphology,
is the Faraday rotation measure (RM) study of back-
ground polarized sources (as implemented by, e.g., Brun
1966; Kawabata et al. 1969, or more recently Brentjens
& de Bruyn 2005). In this way, the magnetic field of
the MCs system, i.e., the SMC, LMC, and Magellanic
Bridge (MB), was intensively investigated in a last few
decades, first using the optical (Schmidt 1970; Mathew-
son & Ford 1970) and then radio data (e.g., Haynes et al.
1986; Klein et al. 1993; Gaensler et al. 2005; Mao et al.
2012; Kaczmarek et al. 2017). Our sample of blazar can-
didates should be therefore relevant in this context as
well, as it identifies potentially variable polarized emit-
ters behind the MCs system, which should be treated
with caution when included in the RM studies.
5.3. γ-ray study
One of the key projects of the newly emerging very
high energy γ-ray observatory Cherenkov Telescope Ar-
ray (CTA), is to conduct a deep LMC survey, expanding
over previous results provided by the currently operat-
ing γ-ray observatories, namely Fermi -LAT and H.E.S.S.
(see Chapter 7 in Acharya et al. 2017). This project will
allow to study in detail the diffuse γ-ray emission of the
LMC, including processes of cosmic ray acceleration and
propagation within the interstellar medium, but also en-
abling the dark matter research. Clearly, a proper iden-
tification of all the potential background γ-ray emitters
behind the MC system, i.e., blazars, is indispensable for
a correct analysis and interpretation of the γ-ray data on
the LMC in general, and the planned CTA observations
in particular.
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Figure 10. Contour maps of all sampled blazar candidates. The contour maps were created with DSS-R band optical images (greys) and
8.6, 4.85 or 0.845 GHz radio data (contours). A black cross marks the blazar candidate optical position from the MQS catalogue or the FS
list.
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